The history of the neurochemistry of mnesic processes can be divided into two main periods:
INTRODUCTION
The search for the biochemical bases of memory processing has been a long quest. The Morin (1946) who proposed a paradigm in which the bases for memory traces were considered to be analogous to "the genes of the chromosomes" (p. 23). A similar theory, linking memory traces to macromolecules, was later formulated by Monn6 (1948) . Although these were brilliant hypotheses provided by scientific 'prophets', in science, only experimental evidence can lead to solid assumptions. The first proper experimental studies were conducted by Hyden (1959) some 10 years later and marked the real beginning of the approach to a 'biochemistry of mnesic processes'.
Search for a molecular code of memory
The first research studies were based on ideas emerging with advances in molecular genetics. As clear proof had been presented to show that hereditary in.formation is stored chemically in the DNA molecules of the chromosomes, several authors assumed that the information acquired by the brainmnamely memory--could also be stored chemically in brain macromolecules. If DNA is excluded, the reason being that DNA is involved in genetic coding, then two categories remain as candidates and have been extensively studied:
(messenger) RNA and protein (Chapouthier, 1983) . The first is the study by Hyden (1959) cited (C) (Chapouthier, 1974 Antibiotics were also used to establish a correlation between protein synthesis and learning (Agranoff, 1965; Flexner, 1963 (Chapouthier, 1973) . Summaries of the many experiments using the three approaches, together with critical assessments, can be found in the literature (Byme, 1970; Chapouthier, 1983 Chapouthier, , 2001 ). The initial findings in this field of investigationnconcluding that a chemical basis for memory had been clearly establishedgave rise to much criticism (see Chapouthier, 1983 Chapouthier, ,2001 (Chapouthier, 
001).
A first attempt to use this method was made by McConnell (1959, 1962) (1959, 1962) claimed to have taught planaria several conditioning procedures (Thompson, 1955) .
The research group argued that the conditioning remained after regeneration (McConnell, 1959) and using the cannibalism procedure could be transmitted from one (trained) animal to another (untrained) one (McConnell, 1962) . The authors believed, however, that whereas regeneration could occur in water containing RNAse (an enzyme destroying RNA), the memory of this conditioning disappeared (Coming, 1961 ). Yet, RNA directly extracted from trained planarians seemed to be capable of 'transferring' the acquired conditioning to naive animals (Jacobson, 1966) . From all these data, McConnell's group concluded that the memory of planarians was coded in RNA molecules and that these 'memory molecules' could occasionally be transmitted from one worm to another.
As is often the case in work involving animal behavior, several biases were subsequently found in the studies and tended to undermine the provocative conclusions (Chapouthier, 1968 (Chapouthier, 1967) .
These pioneer studies had induced similar results in vertebrates (Chapouthier, 1968;  Ungar, , 1971 (Lambert, 1967 ) that RNA could not be the agent responsible for the behavioral changes observed. Although the RNA extracts were certainly active, the effects on the planarians were probably caused by'impurities' in the extracts. This aspect was clearly demonstrated by the outstanding work conducted by Georges Ungar (1906 Ungar ( -1977 . Ungar showed that the agents responsible for the change were probably peptides, namely small proteins. In fact, the apparent 'memory transfer' effects disappeared with either purified RNA (Lambert, 1967) presented his first data on scotophobin. Later work by Misslin et al. (1978) clearly demonstrated that scotophobin had a selective action on emotive (anxious) mice, inducing marked avoidance of dark comers. The compound was therefore more likely to be an anxiolytic molecule rather than a chemical memory code word.
We can assume that, historically, the 1978 paper by Misslin et al. terminated, at least for the time being, the quest for a chemical code for memory. This conclusion does not mean that no molecule will ever be found to be involved in memory coding but rather suggests that if molecules do have a role to play in memory coding, then that role is likely to be more complex than that initially suggested by Hyden (1959) and . The idea of memory molecules acting without any direct link to the structural organization of the nerve pathways, or without structural interactions with networks such as the limbic system, seems unlikely. The structural organization of the nervous system and nerve pathways has led to modem approaches to the biochemistry of memory processes involving the action of brain neurotransmitters.
Chemical correlates of mnesic processes
The work of Misslin et al. (1978) Among the dozens of compounds identified as cerebral neurotransmitters, several play an important role in memory processing (Chapouthier, 1989), of which four are of key importance: acetylcholine, GABA, glutamic acid, and norepinephrine. In addition to these 'classic' transmitters are several peptides, but their role as transmitters has not been clearly established, although, to a certain extent, they are the logical follow-on from the peptides previously shown to be involved in chemical memory coding.
Acetylcholine. Acetylcholine, an excitatory transmitter and the most important in the cerebral cortex, has been extensively studied as cholinergic deficiency is observed in dementias with memory impairment, the most famous being Alzheimer's disease (Bartus, 1982) . Evidence for the involvement of cholinergic processes in memory had already been provided in animal studies: in 1969, when Deutsch, conducting experimental pharmacological interventions in rats, showed that for learning to occur properly, an optimal quantity of acetylcholine was needed in the synapses (Deutsch, 1969 , learning in mice (Marighetto, 1993) , and Parkinson's disease in humans (Dubois, 1983; Bosboom, 2003; Pimlott, 2004) .
GABA. Gamma amino-butyric acid, or GABA, is the most important inhibitory transmitter of the nervous system where it 'slows down' the action (Chapouthier, 1992) . Compounds that increase GABA action therefore have sedative, anticonvulsant, anxiolytic, or amnestic effects (Curran, 1986; Chapouthier, 2002) , whereas compounds that decrease GABA action have stimulant, convulsive, anxiogenic, and promnestic effects. At low doses, GABA-increasing drugs improve learning (Venault, 1986 (Venault, , 1986 Krazem, 2001; Chapouthier, 2002) .
Glutamate. Glutamate is an excitatory transmitter playing a key role in the hippocampus, which is involved in several aspects of memory processing. Plasticity phenomena, such as longterm synaptic potentiation with glutamate treatment, have been proposed as memory models by several authors (Bliss, 1993; Laroche, 1998; Homayoun, 2004) .
Norepinephrine. Several compounds affecting the norepinephrine system also modify learning abilities (Kety, 1970; Martinez, 1986; Chapouthier, 1989) . Interesting work in this field has focused on the locus coeruleus, a small nucleus of the brain stem carrying norepinephrine fibers to the cerebral cortex. The 'coeruleo-cortical' system, which is involved in attention processes, seems to play an essential role in the fixing and recall of memorized information (Sara, 1985 (Chapouthier, 1983) , and all these 'memory transfer peptides' can therefore be considered as having a 'new life'
as 'learning enhancers' in a more modest view of the biochemistry of memory processes.
CONCLUSION
Historically, the quest to find neurochemical bases for memory processes can be divided into two successive periods. Until 1978, the emphasis was on the search for a molecular code of memory traces, similar to the coding for genes and DNA. Authors such as Hyden (1959) and soon discovered putative 'memory' macromolecules. Experimental biases gradually led to these studies being abandoned, and specifically after 1978 when Misslin et al. From a theoretical point of view, it is interesting to note that data from the first period--for example, the importance of protein synthesis and the possible emotional impact of scotophobin--have been 'recycled' for interpretations in the second period. Protein synthesis, for example, is now seen as a nonspecific phenomenon, not directly linked to memory coding, yet remains an important event in the first stages of memory processing, both when awake and during paradoxical sleep (Chapouthier, 2001) . It is therefore satisfying to realize that whereas scientific 'discoveries' might not achieve the immediate and expected goals, they still contribute to the general advancement of knowledge.
